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I. Introduction
In molecular dynamics simulations of the dissolu tion of sodium chloride crystals in water [1, 2] it has been found that within 7 ps some chloride ions but no sodium ions were liberated from the crystal. In the present work the dissolution of NaCl and some other alkali halide crystals in water was simulated for time spans up to 20 ps.
II. The Simulation
a) The systems were crystals of the rock-salt type alkali halides NaF, KF, CsF, LiCl, NaCl, and KCl in water. The simulations were started after equilibration of the water. In the case of CsF we examined two systems, the normal one and one in which Cs had the atomic weight of F, i.e. 18.998. 32 cations and 32 anions, First assembled to a cubic crystal in the middle of the box, and 216 water molecules were placed in a nonperiodic box. For details see Table 1 . b) Potentials: For the ion-ion interactions the BornMayer-Huggins type Tosi-Fumi potential [3] was emReprint requests to Prof. H. Ohtaki, Coordination Chemis try Laboratories, Institute for Molecular Science, Myodaijicho, Okazaki, 444 Japan. ployed:
(j) Qij = zi Zj e2/r+ A ij hu exp {(a, + -r)/g} -Cij/r6 -du/r8.
Afj denotes the Pauling factor, 1 + (zi/ni) + (zj/nj), where nt and n7 denote the numbers of electrons in the outer-most shell of ions i and j, respectively. Values of the parameters in (1) are listed in Table 2 . The Matsuoka-Clementi-Yoshimine (MCY) model [4] was used for the water-water interactions. Ion-water interactions were expressed by the KistenmacherPopkie-Clementi (KPC) potential [5] 0 iw = z, ß (l/rf.H1 + 1/r ,.H2 -1/r ,.R1 -l/r f_R2) i-M 2 / i-O' + a l {exp(-h1 r,.Hl) + e x p (-b l r^) } + a2 exp(£>2 r,_M ).
Values of the parameters and illustration are given in Table 3 . fit of the KPC potential to the potential curves ob tained from the above two models. c) The temperature was kept at 298 K by scaling the thermal velocities. d) Switching function: Water molecules were as sumed to be completely elastic with respect to their center of gravity on collisions with the rigid wall. Ions could pass the wall. Therefore we introduced a switch ing function Sw (x) to cut off electrostatic effects aris ing from ions which went beyond the wall. The func tion used was
where x is any of the three Cartesian coordinates, their origin being the middle of the box. The parameter x; was defined as 1/(0.3954 r,)2. where r, is the ionic radius of i (cf. Table 4 ).
III. Results Figure 1 shows the evolution of the distances R of ions from the center of the box and corresponding snapshots of the dissolution process. Water molecules are not shown in the pictures. The dissolution of NaCl and CsF crystals has been visualized on video types For the Cs+-H 20 interaction, where no parameter values of the KPC potential are reported, we assumed that the potential of the SF2 model for water and the charged Lennard-Jones sphere model for the ion [6] can be expressed in the form of the KPC potential. We thus obtained the parameter values from a least squares (charge free copies except for the costs of a cassette and copying are available when one wants to use the video for scientific and educational purposes). NaF ( Fig. 1 a) : No dissolution of ions was observed within 12 ps, although the structure of the crystal was distorted very much due to thermal vibrations of the lattice. Fluctuations of the positions of ions are more pronounced for F~ than for Na + . KF ( Fig. lb) : No dissolution was observed within 20 ps. Distortion of the lattice of the crystal is less pronounced than for NaF.
CsF (Fig. 1 c) : Fhree fluoride ions dissolved within 12 ps. Some fluoride ions moved around the surface of the crystal but were not separated from it. Fluctua tions of the positions of ions in the crystals are more rapid for F" than for Cs + , as expected due to the difference in mass.
"Light" CsF ( Fig. 1 d) : Fhe frequencies of the ther mal vibrations of Cs+ and F~ are almost equal, but still no dissolution of Cs+ is observed, while again two fluoride ions dissolved.
LiCl (Fig. 1 e) : Eight chloride ions dissolved within 12 ps. Fhus 12 ps after the start of dissolution the rest of the crystal had the composition of [Li32Cl24]8 + . Fhe four chloride ions at the corners of the crystal went out at the very beginning of the process, then the dissolution of ions stopped for a few pico seconds, then some chloride ions dissolved from corner-like positions in the distorted crystal, and then a further dissolution of chloride ions could be observed after 10 ps. Fluctuations of the ions are further for CP than for Li + . Fhe result was essentially the same as that of NaCl. but more chloride ions were liberated from the LiCl crystal than from NaCl within the same period. NaCl (Fig. If) : As in the previous paper [1] , five chloride ions were readily dissolved. No further ions were dissolved, and thus the microcluster [Na32Cl27]5 + remained in the water for more than 15 ps. Some chloride ions collided in the solution phase at about 17 ps.
KCl (Fig. 1 g) : No dissolution of ions was observed within 20 ps. Distortion of the crystal structure of KCl was greater than that of KF due to the smaller lattice energy of the former crystal.
IV. Discussion
We discuss the forces acting on an ion at a corner of a crystal. These forces can be divided into three contri butions; (i) forces from the rest of the coions, (ii) forces from all counterions, and (iii) forces from all water molecules. The sign of the forces was defined to be positive when directed away from the center of the box. Figure 2 shows the evolution of these forces on a cation at a corner and the anion at the opposite corner. The sum of the three forces fluctuated around zero, indicating that the ions remained close to equilibrium positions. As expected, the interionic forces decreased if the crystal became deformed or if ions left it.
As to the ion-water interactions, one observes the following: On the cations the water molecules exert a force towards the liquid (KF), no force (CsF. KCl), or a force towards the crystal (NaF, LiCl, NaCl). In all cases the cations did not dissolve. On the anions the water molecules exert a force towards the liquid in all cases. If this force is large (CsF, LiCl, NaCl), anions dissolved; if it is small (KF. KCl), anions did not dis solve. An exception is NaF, where the force is large but no fluoride ions dissolved. In this case, however, the whole crystal reached a "semidissolved" state (Fig  ure 1 a) . Fhese findings can be interpreted as follows: A corner ion is neighboured by three counterions, and water molecules tend to bridge such ion-counterion pairs. Fhis may result in an attraction or a repulsion between ion and counterion. Evidently, if the corner N. Fukushima et al.
• Dissolution of Alkali t/ps t/ps ion is an anion, a repulsion results, while if it is a cation, the effect is ambiguous with a tendency to the attractive. This difference for corner anions and cor ner cations results from the different orientation of the bridging water molecules, the oxygen of the water molecules being oriented towards one of the three cations if the corner ion is an anion, and vice versa. One of the protons in the hydrated water molecules tends to form a hydrogen bond with the anion so as to make the anion-H -O bond to be linear, and thus repulsion arises between the proton and the neighbour cation, which reduces the anion-cation bond strength. Interestingly, the video shows that the water mole cules liberating the corner chloride ions (LiCl, NaCl) did not accompany them while leaving the crystal, whereas they did so in case of the corner fluoride ions (CsF). Fujitsu Ltd. for their kind help at the use of supercom puter of the company for graphic displays of the re sults. Simulations have been carried out at the Com puter Center of the Institute for Molecular Science, Okazaki, Japan.
